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Clinical PerspectiveWhat Is New?The present study demonstrated that *Helicobacter pylori* infection impaired endothelial function in patients and mice through exosome‐mediated mechanism(s).The data revealed a potential novel mechanism for the development of vascular dysfunction in patients with *Helicobacter pylori* infection.What Are the Clinical Implications?The findings from the present study suggested that *Helicobacter pylori* infection could be a new risk factor for cardiovascular diseases, especially in young populations.The data from the present study could help to explore new and effective strategies to preventing and treating cardiovascular diseases associated with *Helicobacter pylori* infection especially in young patients with premature atherosclerosis.

 {#jah34919-sec-0008}

Nonstandard Abbreviations and Acronyms**Ach** acetylcholine**CagA** Cytotoxin‐associated gene A**CVDs** cardiovascular diseases**FMD** flow‐mediated vasodilatation***H pylori*** *Helicobacter pylori***NTG** nitroglycerin

Introduction {#jah34919-sec-0009}
============

The microaerophilic Gram‐negative bacterium *Helicobacter pylori* (*H pylori*) colonizes in the epithelium of human stomach in a significant portion of the general population ranging from 30% to 50% in developed countries up to 80% in developing countries, especially in Asia.[1](#jah34919-bib-0001){ref-type="ref"}, [2](#jah34919-bib-0002){ref-type="ref"} Most patients with *H pylori* infection have no symptoms clinically. However, *H pylori* could cause progressive damage to the gastric mucosa, and the bacterium is closely associated with various important gastric diseases including (but not limit to) chronic gastritis, peptic ulcers, and gastric cancer.[3](#jah34919-bib-0003){ref-type="ref"} Recent data indicate that *H pylori* infection could also contribute to important extragastrointestinal diseases such as cardiovascular diseases (CVDs), hematological diseases (especially idiopathic thrombocytopenia), neurological disorders, dermatological diseases, autoimmune diseases such as inflammatory bowel diseases, chronic liver disease, and diabetes mellitus.[4](#jah34919-bib-0004){ref-type="ref"}, [5](#jah34919-bib-0005){ref-type="ref"}, [6](#jah34919-bib-0006){ref-type="ref"}, [7](#jah34919-bib-0007){ref-type="ref"}, [8](#jah34919-bib-0008){ref-type="ref"}, [9](#jah34919-bib-0009){ref-type="ref"}, [10](#jah34919-bib-0010){ref-type="ref"}, [11](#jah34919-bib-0011){ref-type="ref"}, [12](#jah34919-bib-0012){ref-type="ref"}

CVDs remain the leading cause of mortality and morbidity in developed countries.[13](#jah34919-bib-0013){ref-type="ref"} Atherosclerosis is an important contributing factor to CVDs, especially coronary artery diseases and stroke.[14](#jah34919-bib-0014){ref-type="ref"} Epidemiology studies have shown that, compared with those without *H pylori* infection, patients with *H pylori* infection, especially with the virulence factor Cytotoxin‐associated gene A (CagA)^+^, have increased incidence of atherosclerosis (29% versus 63%),[15](#jah34919-bib-0015){ref-type="ref"} and ischemic stroke (45% versus 77%).[7](#jah34919-bib-0007){ref-type="ref"} CagA may also contribute to destabilization of carotid atherosclerotic plaques.[16](#jah34919-bib-0016){ref-type="ref"} Recently, we analyzed the data from 17 613 adult patients with carotid ultrasound examination and a ^13^C‐urea breath test for *H pylori* and found that, after adjustment for age, sex, body mass index, lipid profile, hypertension, diabetes mellitus, and smoking, *H pylori* infection was an independent risk factor for carotid atherosclerosis in male patients ≤50 years of age.[17](#jah34919-bib-0017){ref-type="ref"} Previous studies with mice suggested that *H pylori* infection might enhance atherosclerosis,[18](#jah34919-bib-0018){ref-type="ref"}, [19](#jah34919-bib-0019){ref-type="ref"}, [20](#jah34919-bib-0020){ref-type="ref"} although 1 study showed that *H pylori* infection could not contribute to the development of atherosclerotic lesions in low‐density lipoprotein receptor--deficient mice.[21](#jah34919-bib-0021){ref-type="ref"} However, how *H pylori* infection could lead to atherosclerosis is unknown at this point. The underlying mechanisms for the pathogenesis of atherosclerosis are complex and have not been fully defined. Endothelial cells play a key role in maintaining the structural and functional integrity of vasculature,[22](#jah34919-bib-0022){ref-type="ref"} and endothelial dysfunction is considered the initial event leading to the development of atherosclerosis.

*H pylori* does not enter the blood circulation itself because of the gastric tissue barrier and a unique survival and growth environment.[23](#jah34919-bib-0023){ref-type="ref"} However, *H pylori* virulence factor CagA and *H pylori* DNA are present in human atherosclerotic lesions, aorta, and carotid and coronary arteries.[16](#jah34919-bib-0016){ref-type="ref"}, [24](#jah34919-bib-0024){ref-type="ref"}, [25](#jah34919-bib-0025){ref-type="ref"}, [26](#jah34919-bib-0026){ref-type="ref"} Many cells are known to release extracellular vesicles or exosomes with unique biophysical and biochemical properties.[27](#jah34919-bib-0027){ref-type="ref"}, [28](#jah34919-bib-0028){ref-type="ref"} Exosomes are found in various body fluids including blood, urine, saliva, and breast milk and play an important role in cell‐to‐cell communications through transport of a wide spectrum of bioactive constituents including proteins, lipids, and microRNAs.[29](#jah34919-bib-0029){ref-type="ref"}, [30](#jah34919-bib-0030){ref-type="ref"} Recent studies have demonstrated that exosomes are critically involved in protein transfers during infections, such as prion protein in neurodegenerative disease,[31](#jah34919-bib-0031){ref-type="ref"} human immunodeficiency virus--related proteins,[32](#jah34919-bib-0032){ref-type="ref"} and human T‐cell leukemia virus type‐1 proteins.[33](#jah34919-bib-0033){ref-type="ref"}

It is unclear how *H pylori* infection could enhance atherosclerosis. In the present study both patients and mouse models with *H pylori* infection were used to test the hypothesis that *H pylori* infection impaired endothelial function through CagA‐containing exosome--mediated mechanisms.

Methods {#jah34919-sec-0010}
=======

Patient Selection and Ultrasound Assessment of Endothelial‐Dependent Flow‐Mediated Vasodilatation of the Brachial Artery in Human Subjects {#jah34919-sec-0011}
------------------------------------------------------------------------------------------------------------------------------------------

The materials, methods, and data that supported the findings of this study are available from the corresponding author on reasonable request. The study with human subjects was conducted according to the principles of the Declaration of Helsinki, and the study protocol was reviewed and approved by the Clinical Research Ethics Committee of the Third Xiangya Hospital of Central South University, Changsha, China, and the Human Subjects Research Protections Program & Institutional Review Board at the University of Missouri School of Medicine, Columbia, MO (IRB Number: 2016112). Written informed consent was obtained from all subjects before their participation. Both male and female and age‐matched (within 5 years of age difference for each matched pair) subjects with the age range of 18‐35 years with (n=18) and without *H pylori* infection (n=13) were recruited for the study. No other confounding variables except the conditions listed in the exclusion criteria were considered for subject selection. Young patients were recruited to minimize the risk factors for endothelial dysfunction. Patients were excluded from the study if any of the following conditions were present: (1) history of *H pylori* eradication, (2) use of any medications including antibiotics, proton pump inhibitors, or H2‐receptor blockers 3 months before the study, (3) age \<18 or \>35 years, (4) connective tissue diseases or immunological diseases, (5) mental disorders, (6) asthma or COPD, (7) hematological disorders, (8) thyroid diseases, (9) malignancies, (10) recent (within 3 months) or chronic infection except *H pylori* infection, (11) congestive heart failure, (12) abnormal renal or liver function, (13) congenital heart diseases, (14) hypertension, (15) smoking, (16) diabetes mellitus, (17) lipid abnormalities, (18) stroke, (19) obesity, (20) sedentary life style, (21) alcohol use, (22) any use of energy drinks or coffee or tea within 48 hours, and (23) lack of response to anti--*H pylori* therapy. After 8 to 12 hours of fasting, brachial artery endothelium‐dependent flow‐mediated vasodilatation (FMD) was evaluated for patients and control subjects and presented as percentage change in postischemia diameter over baseline as described.[34](#jah34919-bib-0034){ref-type="ref"}

*H pylori* Culture {#jah34919-sec-0012}
------------------

CagA^+^ *H pylori* used in culture and mouse studies was isolated from the gastric specimens of gastric ulcer patients during gastroscopy as described.[35](#jah34919-bib-0035){ref-type="ref"} CagA^+^ *H pylori* was used for the present study because the vast majority of patients with *H pylori* infection were infected with CagA^+^ *H pylori*.[36](#jah34919-bib-0036){ref-type="ref"} The bacteria were grown on Columbia blood agar plates supplemented with antibiotics (10 mg/L vancomycin, 5 mg/L cefsulodin, 5 mg/L amphotericin B, 5 mg/L trimethoprim, and 10% sheep blood \[Thermo Scientific R54008, Waltham, MA\]) at 37°C under microaerophilic conditions (5% O~2~, 10% CO~2~, and 85% N~2~) for 3‐4 days. The concentration of *H pylori* was determined by measuring the optical density at OD600 nm, where 1 unit of OD600 nm corresponds to about 2×10^8^ colony‐forming units/mL.[35](#jah34919-bib-0035){ref-type="ref"} The identity of CagA^**+**^ *H pylori* was confirmed using the complete sequence data of the *H pylori* 16s rRNA gene from GenBank data (sequence ID AP017362) and positive biochemical test reactions for oxidase, catalase, and urease (Figure [S1](#jah34919-sup-0001){ref-type="supplementary-material"}). Killed or deactivated *H pylori* organisms were not used in the present study because dead bacteria were unable to interact actively with gastric epithelium and transport CagA into the cells. In addition, killed organisms have high immunogenicity and could release endotoxin and other substances that might trigger significant reactions in the gastric epithelial cells that could be very different from those evoked by live bacteria.

Cell Culture and Cell‐Bacteria Coculture {#jah34919-sec-0013}
----------------------------------------

The human gastric epithelial cell line GES‐1, human umbilical vein endothelial cells (HUVECs), and mouse brain microvascular endothelial cells (bEND.3; ATCC, Manassas, VA) were cultured in RPMI‐1640, DMEM/F‐12, and DMEM (Gibco/Life Technologies, Grand Island, NY), respectively, supplemented with 10% fetal bovine serum (Biological Industries, Cromwell, CT), 100 U/mL penicillin, and 100 mg/mL streptomycin in a controlled humidified incubator with 5% CO~2~ as described.[35](#jah34919-bib-0035){ref-type="ref"} To evaluate the effect of exosomes on the function of endothelial cells, exosomes (50 μg/mL) from the serum of human subjects or mice with and without CagA^+^ *H pylori* infection and from conditioned media of GES‐1 cocultured with or without CagA^+^ *H pylori* for 2 hours were added into the culture system of HUVECs or bEND.3 (see details below for exosome preparation). After culture for 24 hours, HUVECs or bEND.3 were collected for studies on cell migration, tube formation, and proliferation, using a transwell culture system (MCEP24H48; Merck Millipore, Burlington, MA), a Matrigel basement membrane matrix (Cat. No. 356234; Corning Life Sciences, Tewksbury, MA), and a cell‐Light EdU imaging kit (Cat.No.C10310‐1; RiboBio, Guangzhou, China), respectively. GES‐1 was mixed and cultured with *H pylori* at a multiplicity of infection of 100 for 2, 6, or 12 hours as described.[35](#jah34919-bib-0035){ref-type="ref"}

*H Pylori* Eradication {#jah34919-sec-0014}
----------------------

To further investigate the effect of *H pylori* infection on endothelial function, the patients and mice with *H pylori* infection were treated with anti--*H pylori* therapy to determine if eradication of *H pylori* could restore endothelial function. The *H pylori*--infected patients (n=10) were treated with BIS‐based quadruple oral anti--*H pylori* therapy (100 mg furazolidone, 100 mg doxycycline, 5 mg ilaprazole, and 220 mg colloidal bismuth tartrate twice a day for 2 weeks) as described.[37](#jah34919-bib-0037){ref-type="ref"} The CagA^+^ *H pylori*--infected mice at 12 weeks after infection were treated with triple therapy (123.30 mg/kg bismuth potassium citrate, 102.75 mg/kg tinidazole, and 51.38 mg/kg clarithromycin in a 0.2‐mL volume once daily by intragastric gavage for 2 weeks).[38](#jah34919-bib-0038){ref-type="ref"}, [39](#jah34919-bib-0039){ref-type="ref"} The effectiveness on eradication of *H pylori* was verified in both infected mice with a rapid urease test and Giemsa staining and in patients with a ^13^C‐urea breath test. The subjects were excluded from the study if resistant to standard anti--*H pylori* therapy.

Animal Model and GW4869 Administration {#jah34919-sec-0015}
--------------------------------------

All the animal experiments were performed in accordance with the *Guide for the Care and Use of Laboratory Animals* of the US National Institutes of Health. The experimental protocols were reviewed and approved by the Institutional Animal Care and Use Committee of the University of Missouri School of Medicine, Columbia, MO, and the Third Xiangya Hospital of Central South University, Changsha, China. Specific‐pathogen‐free 4‐ to 6‐week‐old male C57BL/6 mice were purchased from the Jackson Laboratory (Bar Harbor, ME) and were allowed to have free access to rodent diet and water. The mice were randomly divided into 2 groups: CagA^+^ *H pylori* and normal control group. After fasting for 24 hours, mice were infected with 0.2 mL of CagA^+^ *H pylori* inocula (approximate 4×10^9^ colony‐forming units/mL) by intragastric gavage once per day for 3 days. If the infection rate with *H pylori* did not reach 100%, the *H pylori* inocula via intragastric gavage once per day continued for another 3 days after a 1‐day break as shown in Figure [S2A](#jah34919-sup-0001){ref-type="supplementary-material"}. The mice were tested for *H pylori* infection using a rapid urease test and Giemsa staining with the goal of achieving 100% infection rate on both tests 7 days after the last intragastric gavage. The cycle of intragastric gavage *with H pylori* inoculum (3 days on and 1 day off) continued for the mice until 100% infection rate was achieved. Animals were euthanized at weeks 1 and 24 after the last gavage to collect thoracic aorta to determine endothelium‐dependent and endothelium‐independent vascular relaxation as described below and stomach to examine the presence of *H pylori*.

To evaluate the role of exosomes in mediating the effect of *H pylori* infection on endothelial function, a stock solution (2 mg/mL) for the inhibitor of exosome biogenesis/release in vivo, GW4869 (Selleck Chemicals, Houston, TX),[40](#jah34919-bib-0040){ref-type="ref"}, [41](#jah34919-bib-0041){ref-type="ref"} was prepared in DMSO. Mice were treated with GW4869 (0.05 mg/mL in PBS, final DMSO concentration 2.5%) via intraperitoneal injection once daily at a dose of 1.25 mg/\[kg/d\] for 11 days, while CagA^+^ *H pylori* inocula were gavaged simultaneously once daily for 3 days starting 24 hours after the first dose of GW4869. The same volumes of CagA^+^ *H pylori* inoculum and 2.5% DMSO in PBS were given to the control mice the same way as shown in Figure [S2B](#jah34919-sup-0001){ref-type="supplementary-material"}. Animals were euthanized 24 hours after the final injection of GW4869 to collect blood for preparation of serum exosomes and thoracic aorta for evaluation of endothelium‐dependent and independent vascular relaxation.

Evaluation of Vascular Contraction and Relaxation in Mice {#jah34919-sec-0016}
---------------------------------------------------------

Thoracic aorta was isolated from mice to evaluate the contractility and endothelium‐dependent and endothelium‐independent vascular relaxation. After careful isolation, thoracic aorta was cut into 2‐ to 3‐mm segments in cold buffer on ice and was mounted onto a 4‐channel Wire Myograph System (610M; DMT, Aarhus, Denmark) for vascular function studies. The aortic segments were equilibrated with a resting tension of 4.9 mN for 45‐60 minutes in a temperature‐controlled tissue bath filled with 5 mL of Krebs solution and bubbled continuously with 95% O~2~ and 5% CO~2~ at 37°C. The aortic preparations were then tested for maximal contraction with 50 mmol/L KCl and dose‐dependent vasocontractile response to phenylephrine. After adequate washout with Krebs solution and equilibration, the aortic tissues were examined for endothelium‐dependent relaxation to cumulative doses of acetylcholine (Ach, 10^−9^ to 10^−5^ mol/L) and endothelium‐independent relaxation to cumulative doses of nitroglycerin (NTG, 10^−9^ to 10^−5^ mol/L) after submaximal contraction with phenylephrine as described.[42](#jah34919-bib-0042){ref-type="ref"}, [43](#jah34919-bib-0043){ref-type="ref"} Two aortic segments from each mouse were used for vascular function evaluation, and the average response from the 2 segments was used for data analysis for each mouse.

Exosome Isolation and Identification {#jah34919-sec-0017}
------------------------------------

To prepare exosomes from conditioned media, human gastric epithelium cells GES‐1 were cultured with or without CagA^+^ *H pylori* at a multiplicity of infection of 100 for 2, 6, and 12 hours as described above.[35](#jah34919-bib-0035){ref-type="ref"} The conditioned media were then collected from the coculture systems to isolate the exosomes as described.[44](#jah34919-bib-0044){ref-type="ref"} Briefly, cells and large cell debris in the conditioned media were eliminated by successive centrifugations (4°C) at increasing speeds (300*g* for 10 minutes, 2000*g* for 20 minutes, and 10 000*g* for 30 minutes). Then the supernatant was transferred to an ultracentrifuge tube and centrifuged at 100 000*g* at 4°C for 70 minutes twice (Beckman Coulter, Indianapolis, IN). Exosome pellets were resuspended in a small volume of PBS for further analysis. Serum from patients or mice with CagA^+^ *H pylori* infection was collected for exosome isolation and identification similar to conditioned media as described above.[44](#jah34919-bib-0044){ref-type="ref"}The protein level in the exosomes was determined by the BCA protein assay (Cat.No.23235; Thermo Fisher, Waltham, MA). The morphologies, size distribution, and biomarkers (HSP70 and CD9) of the exosomes were examined using a transmission electron microscopy (TECNAI G2 Spirit; FEI, Hillsboro, OR), dynamic light scattering with a particle and molecular size analyzer (Zetasizer Nano ZS; Malvern Panalytical, Malvern, Worcestershire, UK), and Western blotting, respectively, as described.[45](#jah34919-bib-0045){ref-type="ref"}

Entrance of Exosomes Into Endothelial Cells  {#jah34919-sec-0018}
--------------------------------------------

To determine if the exosomes entered into the endothelial cells, the exosomes were labeled with fluorescent PKH67 (green) as described.[46](#jah34919-bib-0046){ref-type="ref"} Exosomes were prepared and labeled with a PKH67 Green Fluorescent Cell Linker Kit (Sigma‐Aldrich, St. Louis, MO) according to manufacturer\'s protocol. To evaluate the entry and distribution of exosomes in endothelial cells, PKH67‐labeled exosomes were incubated with HUVECs (30 μg protein/5×10^4^ cells) for 12 hours. Then F‐actin in cytoskeleton and cell nuclei were stained with Alexa Fluor555 Phalloidin (Cat. No. A34055; Thermo Fisher, Waltham, MA) and DAPI fluorescent stain (Cat.No.D1306; Thermo Fisher, Waltham, MA), respectively. The cells were mounted with antifade reagent (Cat.No.13800; Thermo Fisher, Waltham, MA) and examined using a 3D confocal laser scanning microscope (Leica TCS SP8, Buffalo Grove, IL).

Endothelial Cell Migration, Tube Formation, and Proliferation Assays {#jah34919-sec-0019}
--------------------------------------------------------------------

To evaluate the effect of exosomes on the function of endothelial cells, HUVECs and bEND.3 were used to determine the migration, tube formation, and proliferation. Cell migration was evaluated using a transwell culture system that could allow the cells to migrate from the upper chamber to the lower chamber via an 8‐μm pore. HUVECs or bEND.3 cultured with exosomes (50 μg/mL) for 24 hours were then plated (5×10^4^ for HUVECs or 2×10^4^ cells/well for bEND.3) in serum‐free medium in the upper chamber. The lower chamber was filled with 600 μL normal medium containing 10% fetal bovine serum. After 5 or 8 hours of incubation, the cells were fixed and stained with crystal violet for 10 minutes. The upper surface of transwell chambers was wiped with a cotton swab. The migrated cells were counted in 5 random microscopic fields as described.[47](#jah34919-bib-0047){ref-type="ref"}

Tube formation was assessed in a 96‐well plate using a Matrigel basement membrane matrix as per manufacturer\'s instructions. Briefly, HUVECs or bEND.3 cultured with exosomes (50 μg/mL) for 24 hours and then were placed on the Matrigel (70 μL/well) with a cell density of 2×10^4^ cells/well and cultured for 4 hours. The cell structures were examined using an inverted light microscope. The total capillary tube lengths were quantified using the software ImageJ. Five independent fields were assessed for each well, and the average number of tubes was calculated and analyzed.

Cell proliferation was evaluated using a cell‐Light Edu imaging kit as per manufacturer\'s instructions (RiboBio, Guangzhou, China). HUVECs or bEND.3 (1×10^4^ cells/well) were cultured with exosomes (50 μg/mL) in serum‐depleted culture medium on 96‐well plates. After 24 hours of culture, 100 μL of 50 μmol/L EdU solution per well was added into the culture system for 2 more hours of incubation and then discarded. Cells were washed 2‐3 times with PBS and fixed with 4% paraformaldehyde, 2 mg/mL glycine, and 0.5% Triton X‐100 following the instructions. After incubation of the cells with 1× Apollo567 staining agent for 30 minutes at room temperature in dark, the staining agent was removed. The preparations were then exposed to 0.5% Triton X‐100 for cell membrane permeabilization. After washing with methanol and PBS, the cells were examined with a fluorescence microscope (IX71; Olympus, Tokyo, Japan).

Western Blotting {#jah34919-sec-0020}
----------------

The levels of CagA protein and exosome markers (HSP70 and CD9) were determined using Western blotting. The protein preparations (30 μg proteins) were loaded on 5% and 10% SDS‐PAGE. After electrophoresis, the preparations were transferred to polyvinylidene fluoride membranes (Merck Millipore, Burlington, MA). After blocking with 5% skim milk in tris‐buffered saline with Tween for 1 hour, the membranes were incubated with the following primary antibodies: CagA (sc‐28368; diluted factor 1:200, Santa Cruz, Dallas, TX), Hsp70 (ab5439; dilution factor 1:1000, Abcam, Cambridge, MA), CD9 (ab92726; dilution factor 1:1000, Abcam, Cambridge, MA) at 4°C overnight. Then membranes were incubated with IRDye secondary antibodies (*LI‐COR*, dilution factor 1:10 000, Li‐Cor Biosciences, Lincoln, NE). The membranes were visualized using Odyssey CLx Imaging System (Li‐Cor Biosciences, Lincoln, NE).

Immunofluorescence Staining {#jah34919-sec-0021}
---------------------------

After culturing with CagA^+^ *H pylori* at a multiplicity of infection of 100 for 12 hours, GES‐1 cells were washed, fixed, permeabilized, and incubated with 5% goat serum to block nonspecific staining, and then incubated with anti‐CagA primary antibody (sc‐28368 AF488; dilution factor 1:50, Santa Cruz, Dallas, TX) at 4°C overnight. After washing with PBS, F‐actins in cytoskeleton and cell nuclei were stained with Alexa Fluor555 Phalloidin (Molecular Probes, Eugene, OR) and DAPI fluorescent stain, respectively. The cells were mounted with antifade reagent and examined using a 3‐D confocal laser scanning microscope (Leica TCS SP8, Buffalo Grove, IL).

Statistical Analyses {#jah34919-sec-0022}
--------------------

Data were expressed as mean±SE and analyzed with GraphPad Prism 7.00 software (San Diego, CA). A 2‐tailed unpaired t test was used for the analysis of 2 groups of data with normal distribution and equal variance, and a 2‐tailed unpaired t test with Welch correction for analyzing 2 groups of data with normal distribution and unequal variance. A Mann‐Whitney U test was used for comparisons between 2 groups of data with abnormal distributions. ANOVA with post hoc Bonferroni test was used for 3 or more groups of data analysis with normal distributions and equal variance, and the Kruskal‐Wallis test with Dunn post hoc multiple‐comparison tests was used for 3 or more groups of data analysis with normal distributions and unequal variance or abnormal distributions. A difference was considered statistically significant when *P*\<0.05.

Results {#jah34919-sec-0023}
=======

*H Pylori* Infection Impaired Endothelial Function in Patients {#jah34919-sec-0024}
--------------------------------------------------------------

To determine if *H pylori* infection could impair endothelial function, we recruited 18 young patients (mean age 31.4±1.6 years, Table [S1](#jah34919-sup-0001){ref-type="supplementary-material"}) with *H pylori* infection and without known risk factors for endothelial dysfunction to evaluate endothelium‐dependent FMD of the brachial artery. A group of 13 young healthy volunteers (mean age of 29.4±1.5 years) served as control. No significant difference in age was present between the patients and control subjects. Patients with *H pylori* infection exhibited a significant reduction in FMD compared with controls (Figure [1](#jah34919-fig-0001){ref-type="fig"}A).

![***Helicobacter pylori* infection significantly impaired endothelium‐dependent flow‐mediated dilatation (FMD) in human subjects and endothelium‐dependent vascular relaxation in mice.**\
Patients with *H pylori* infection and healthy control subjects were evaluated for endothelium‐dependent FMD of the brachial artery with ultrasound. The diagnosis of *H pylori* infection was confirmed with gastric endoscopic biopsy and ^13^C‐urea breath test for each patient. Patients with *H pylori* infection (n=18 patients) displayed a significant reduction in their endothelium‐dependent FMD compared with the controls (n=13 subjects). **A**, \*\**P*\<0.01 by t test. Mice infected with CagA^+^ *H pylori* for 1 week significantly decreased acetylcholine (Ach)‐induced endothelium‐dependent relaxation of thoracic aorta (**B**) without change in NTG‐induced endothelium‐independent vasorelaxation (**C**) after submaximal contraction with phenylephrine (PE) (10^−6^M). \*\**P*\<0.01, \*\*\**P*\<0.001 by 1‐way ANOVA with Bonferroni test or Kruskal‐Wallis test with Dunn post hoc test, n=10 mice for each group. The impaired Ach‐induced endothelium‐dependent vasorelaxation persisted for as long as the infection was present for at least 24 weeks (**D**) without change in NTG‐induced endothelium‐independent vasorelaxation (**E**). \*\**P*\<0.01, \*\*\**P*\<0.001 by 1‐way ANOVA with Bonferroni test or Kruskal‐Wallis test with Dunn post hoc test, n=10 mice for each group. Eradication of *H pylori* infection with anti--*H pylori* therapy effectively restored the endothelium‐dependent FMD in patients with *H pylori* infection (n=10 patients with anti--*H pylori* therapy) (**F**) (\*\**P*\<0.01 by t test with Welch correction), and significantly improved Ach‐induced endothelium‐dependent vasorelaxation in mice with 12 weeks of chronic CagA^+^ *H pylori* infection (**G**), ^\#^ *P*\<0.05 (compared with CagA^+^ *H pylori +*Treatment mice); \*\**P*\<0.01 (compared with NC mice) by one‐way ANOVA with Bonferroni\'s test or Kruskal‐Wallis test with Dunn\'s post hoc test, without change in NTG‐induced endothelium‐independent vasorelaxation (**H**) (n=8 mice for each group in **G** and **H**). Ach indicates acetylcholine; NC, normal control; NTG: nitroglycerin. Data were presented as mean±SE.](JAH3-9-e014120-g001){#jah34919-fig-0001}

*H Pylori* Infection Impaired Endothelial Function in Mice {#jah34919-sec-0025}
----------------------------------------------------------

We then used male C57BL/6 mice to establish a mouse *H pylori* infection model to determine if endothelial dysfunction in patients with *H pylori* infection could be reproduced in mice using *H pylori* from patients. Mice were successfully infected with CagA^+^ *H pylori* ([Table](#jah34919-tbl-0001){ref-type="table"} and Figure [S3](#jah34919-sup-0001){ref-type="supplementary-material"}). Indeed, Ach‐induced endothelium‐dependent relaxation was significantly reduced in mice 1 week after *H pylori* infection (Figure [1](#jah34919-fig-0001){ref-type="fig"}B) without change in NTG‐induced endothelium‐independent relaxation (Figure [1](#jah34919-fig-0001){ref-type="fig"}C). Impaired Ach‐induced relaxation persisted for as long as the infection was present for at least 24 weeks (Figure [1](#jah34919-fig-0001){ref-type="fig"}D) without change in vascular contractions to either phenylephrine or potassium chloride (Figure [S4](#jah34919-sup-0001){ref-type="supplementary-material"}), although NTG‐induced relaxation remained intact (Figure [1](#jah34919-fig-0001){ref-type="fig"}E).

###### 

Infection Rate of *H pylori* With Different Methods 1 Week After Last Intragastric Gavage

  Group                                             N    Rapid Urease Test Positive (n)   Geimsa Staining Positive (n)   Infection Rate (%)
  ------------------------------------------------- ---- -------------------------------- ------------------------------ --------------------
  Method 1[a](#jah34919-note-0002){ref-type="fn"}                                                                        
  Control                                           10   0                                0                              0
  CagA^+^ *H pylori*                                10   2                                2                              20
  Method 2[b](#jah34919-note-0003){ref-type="fn"}                                                                        
  Control                                           10   0                                0                              0
  CagA^+^ *H pylori*                                10   6                                6                              60
  Method 3[c](#jah34919-note-0004){ref-type="fn"}                                                                        
  Control                                           10   0                                0                              0
  CagA^+^ *H pylori*                                10   10                               10                             100

Method 1: Intragastric gavage once a day for 1 day.

Method 2: Intragastric gavage once a day for 2 days.

Method 3: Intragastric gavage once a day for 3 days.

*H Pylori* Eradication Significantly Improved Endothelium‐Dependent Vasodilation {#jah34919-sec-0026}
--------------------------------------------------------------------------------

We examined if *H pylori* eradication could improve endothelium‐dependent vasodilation. Indeed, when patients with *H pylori* infection were treated with oral anti--*H pylori* therapy, their endothelium‐dependent FMD of brachial artery was effectively restored (Figure [1](#jah34919-fig-0001){ref-type="fig"}F). *H pylori* elimination in mice with anti--*H pylori* therapy also significantly improved Ach‐induced vasorelaxation (Figure [1](#jah34919-fig-0001){ref-type="fig"}G) without change in NTG‐induced relaxation (Figure [1](#jah34919-fig-0001){ref-type="fig"}H).

CagA‐Containing Exosomes Entered Endothelial Cells and Impaired Endothelial Function {#jah34919-sec-0027}
------------------------------------------------------------------------------------

To determine how *H pylori* infection could impair endothelial function, we tested the hypothesis that *H pylori* infection impaired endothelial function through CagA‐containing exosome‐mediated mechanisms. Indeed, Western blotting analysis and immunofluorescence staining demonstrated that the unique *H pylori* virulence factor CagA entered into human GES‐1 after incubation with CagA^+^ *H pylori* (Figure [2](#jah34919-fig-0002){ref-type="fig"}A and [2](#jah34919-fig-0002){ref-type="fig"}B). We observed that characteristic exosomes were present in conditioned media of GES‐1 cultured with CagA^+^ *H pylori* as defined with specific morphology, size distribution, and specific biomarkers (HSP70 and CD9) using Western blotting (Figure [2](#jah34919-fig-0002){ref-type="fig"}C through [2](#jah34919-fig-0002){ref-type="fig"}E). Western blotting analysis demonstrated that exosomes from conditioned media of GES‐1 cultured with CagA^+^ *H pylori* contained the unique CagA protein, whereas exosomes from control conditioned media of GES‐1 (without culture with *H pylori*) had no CagA protein (Figure [2](#jah34919-fig-0002){ref-type="fig"}C). We also observed that a detectable amount of PKH67‐labeled (green) exosomes were present in HUVECs using 3D confocal microscopy at 12 hours after incubation with the labeled exosomes (Figure [2](#jah34919-fig-0002){ref-type="fig"}F), confirming the entry of exosomes into HUVECs. Treatment with GES‐1--derived CagA‐containing exosomes significantly inhibited the function of HUVECs in vitro with decreased proliferation, migration, and tube formation as compared with control exosomes (Figure [2](#jah34919-fig-0002){ref-type="fig"}G through [2](#jah34919-fig-0002){ref-type="fig"}I).

![**Exosomes from human gastric epithelial cells GES‐1 cultured with CagA^+^*Helicobacter pylori* significantly inhibited endothelial cell function in vitro.**\
Western blotting analysis (**A**) and immunofluorescence staining with a 3D confocal microscope (**B**) demonstrated that the unique *H pylori* virulence factor CagA entered into GES‐1 after culture with CagA^+^ *H pylori*. Exosomes isolated from the conditioned media of GES‐1 cultured with CagA^+^ *H pylori* displayed typical features for exosomes including characteristic biomarkers HSP70 and CD9 by Western blotting (**C**), morphologies on transmission electron microscopy (**D**), and size using a Zetasizer Nano ZS instrument (**E**). Western blotting analysis confirmed the presence of CagA protein in the exosomes from the conditioned media of GES‐1 cultured with CagA^+^ *H pylori* but not in the ones from GES‐1--conditioned media without CagA^+^ *H pylori* (**C**). PKH67‐labeled GES‐1--derived exosomes (green) were incubated with HUVECs (30 μg protein/5×10^4^ cells), and a significant amount of PKH67‐labeled exosomes were detected inside the HUVECs as visualized using a 3D confocal microscope (**F**), confirming that the exosomes entered into the cells. Treatment of HUVECs with CagA protein‐containing exosomes (50 μg/mL) from GES‐1--conditioned media for 24 hours significantly inhibited the function of HUVECs with decreased migration (**G**, scale bars=200 μm), tube formation (**H**, scale bars=200 μm), and proliferation (**I**, scale bars=50 μm). CagA^+^ HP indicates CagA^+^ *H pylori*; Exo‐CM, exosomes derived from conditioned medium; GES‐1, human gastric epithelial cells; HUVEC, human umbilical vein endothelial cell; MOI, multiplicity of infection; NC, normal control. \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.001 by 1‐way ANOVA with Bonferroni test or Kruskal‐Wallis test with Dunn post hoc test. Data were presented as mean±SE, n=3 independent experiments (experiment was repeated 3 times for every measurement).](JAH3-9-e014120-g002){#jah34919-fig-0002}

We then isolated serum exosomes from patients with CagA^+^ *H pylori* infection and from healthy age‐ and sex‐matched volunteers. Serum exosomes from both patients and healthy subjects were characterized by morphology, size distribution, and unique biomarkers (HSP70 and CD9) (Figure [3](#jah34919-fig-0003){ref-type="fig"}A through [3](#jah34919-fig-0003){ref-type="fig"}C). CagA protein was detected in serum exosomes from patients and mice with CagA^+^ *H pylori* infection but not from control subjects using Western blotting analysis (Figure [3](#jah34919-fig-0003){ref-type="fig"}C). We then labeled human serum exosomes with PKH67 and cultured them with HUVECs and noticed that detectable amounts of PKH67‐labeled (green) exosomes were present in HUVECs using 3D confocal microscopy at 12 hours after incubation (Figure [3](#jah34919-fig-0003){ref-type="fig"}D), confirming the entry of serum exosomes into HUVECs. Treatment with serum‐derived CagA‐containing exosomes from patients with CagA^+^ *H pylori* infection significantly inhibited the function of HUVECs with decreased migration, proliferation, and tube formation (Figure [3](#jah34919-fig-0003){ref-type="fig"}E through [3](#jah34919-fig-0003){ref-type="fig"}G). Of note, culture with serum exosomes from healthy control subjects also moderately and yet significantly inhibited endothelial function, suggesting that some endogenous substances in normal serum exosomes could cause endothelial dysfunction. However, serum exosomes from patients with CagA^+^ *H pylori* infection exhibited significantly greater inhibitory effects on endothelial functions than exosomes from healthy subjects.

![**Serum exosomes from patients with CagA^+^*Helicobacter pylori* infection inhibited endothelial function in vitro.**\
Exosomes isolated from patients with CagA^+^ *H pylori* infection exhibited typical exosome characteristics with unique morphologies as shown on transmission electron microscopy (**A**), size distribution as demonstrated using a Zetasizer Nano ZS (Malvern Instruments, Malvern, Worcestershire, UK) instrument **(B**), and specific biomarkers (HSP70 and CD9) using Western blot analysis **(C)**. Western blotting also showed that the serum exosomes from mice or patients with CagA^+^ *H pylori* infection contained specific CagA protein (**C**). PKH67‐labeled human serum--derived exosomes (green) were incubated with human umbilical vein endothelial cells (HUVECs) (30 μg protein/5×10^4^ cells). A significant amount of PKH67‐labeled exosomes were detected inside the HUVECs as visualized using a 3‐D confocal microscope (**D**), confirming that the exosomes entered into the cells (HUVECs). Transwell culture showed that exposure to the serum exosomes from patients with CagA^+^ *H pylori* infection significantly inhibited the migration of HUVECs (**E**, scale bar=200 μm) as compared with the controls. Culture with the serum exosomes from patients with CagA^+^ *H pylori* infection also significantly attenuated tube formation (**F**, scale bar=200 μm), and proliferation (using EdU assay) (**G**, scale bar=50 μm) of HUVECs. Of note, culture with the serum exosomes from healthy control subjects also moderately and yet significantly inhibited endothelial function with decreased migration, tube formation, and proliferation (**E** through **G**); however, the serum exosomes from patients with CagA^+^ *H pylori* infection exhibited significantly greater inhibitory effects on endothelial functions than the ones from healthy subjects. CagA^+^ HP indicates CagA^+^ *H pylori*; Exo, Exosomes; H, Human; M, Mouse. \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.001 by Kruskal‐Wallis test with Dunn post hoc test or 1‐way ANOVA with the Bonferroni test. Data were presented as mean±SE, n=3 independent experiments (experiment was repeated 3 times for every measurement).](JAH3-9-e014120-g003){#jah34919-fig-0003}

Serum exosomes from mice with and without CagA^+^ *H pylori* infection were also isolated and characterized for morphology (Figure [4](#jah34919-fig-0004){ref-type="fig"}A), size distribution (Figure [4](#jah34919-fig-0004){ref-type="fig"}B), and unique biomarkers (HSP70 and CD9) (Figure [3](#jah34919-fig-0003){ref-type="fig"}C). Treatment with mouse serum CagA‐containing exosomes also significantly inhibited the function of mouse brain microvascular endothelial cells (bEND.3) in vitro with decreased migration, tube formation, and proliferation compared with control (Figure [4](#jah34919-fig-0004){ref-type="fig"}C through [4](#jah34919-fig-0004){ref-type="fig"}E).

![**Serum exosomes from mice with *Helicobacter pylori* infection inhibited endothelial function in vitro.**\
Exosomes isolated from mice with CagA^+^ *H pylori* infection exhibited typical exosome characteristics with unique morphologies as shown on transmission electron microscopy (**A**), and size distribution as demonstrated using a Zetasizer Nano ZS (Malvern Instruments, Malvern, Worcestershire, UK) instrument (**B**). Transwell culture showed that exposure to the serum exosomes from mice with CagA^+^ *H pylori* infection significantly inhibited the migration of mouse brain microvascular endothelial cells bEND.3 (**C**, scale bar=50 μm) as compared with the controls. Culture with the serum exosomes from mice with CagA^+^ *H pylori* infection also significantly attenuated tube formation (**D**, scale bar=50 μm) and proliferation (using EdU assay) (**E**, scale bar=50 μm) of bEND.3. bEND.3 indicates mouse brain microvascular endothelial cells; Exo (*H pylori* ^*+*^), xosomes derived from mice treated with CagA^+^ *H pylori* infection; Exo (PBS), exosomes derived from control mice treated with PBS; Exo‐serum, exosomes isolated from mouse serum. \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.001 by Kruskal‐Wallis test with Dunn post hoc test or 1‐way ANOVA with Bonferroni test. Data were presented as mean±SE, n=3 independent experiments (experiment was repeated 3 times for every measurement).](JAH3-9-e014120-g004){#jah34919-fig-0004}

Blocking Exosome Release With GW4869 In Vivo Effectively Prevented Endothelial Dysfunction in Mice With *H Pylori* Infection {#jah34919-sec-0028}
----------------------------------------------------------------------------------------------------------------------------

We then determined if blocking exosome release with GW4869 in vivo could prevent endothelial dysfunction in mice with CagA^+^ *H pylori* infection. Indeed, treatment with GW4869 significantly decreased serum exosome level in mice with *H pylori* infection (Figure [5](#jah34919-fig-0005){ref-type="fig"}A) and effectively preserved Ach‐induced aortic relaxation without changing NTG‐induced vasorelaxation (Figure [5](#jah34919-fig-0005){ref-type="fig"}B and [5](#jah34919-fig-0005){ref-type="fig"}C).

![**Inhibition of exosome secretion by GW4869 significantly improved endothelium‐dependent vascular relaxation in mice with CagA^+^*Helicobacter pylori* infection.**\
Treatment with GW4869 significantly decreased the serum exosome level in the mice with CagA^+^ *H pylori* infection (**A**) as reflected by the significantly decreased total exosome protein levels (\*\*\**P*\<0.001 by 1‐way ANOVA with Bonferroni test) and significantly improved acetylcholine (Ach)‐induced endothelium‐dependent relaxation (**B**) of the aorta in the mice with CagA^+^ *H pylori* infection without change in nitroglycerin (NTG)‐induced endothelium‐independent relaxation (**C**). \**P*\<0.05 by 1‐way ANOVA with Bonferroni test (when CagA^+^ *H pylori*+GW4869 group compared with CagA^+^ *H pylori*+DMSO group). Ach indicates acetylcholine; DMSO, dimethylsulfoxide (solubilizer of GW4869); NTG, nitroglycerin. Data shown were mean±SE. n=8 mice for control group, and n=10 mice for other groups.](JAH3-9-e014120-g005){#jah34919-fig-0005}

Discussion {#jah34919-sec-0029}
==========

Endothelial dysfunction plays a critical role in CVDs especially atherosclerosis and related coronary artery diseases.[48](#jah34919-bib-0048){ref-type="ref"}, [49](#jah34919-bib-0049){ref-type="ref"} Previous studies (mostly clinical observations) have shown an inconsistent relationship between *H pylori* infection and endothelial dysfunction.[50](#jah34919-bib-0050){ref-type="ref"}, [51](#jah34919-bib-0051){ref-type="ref"}, [52](#jah34919-bib-0052){ref-type="ref"} In the present study we demonstrated that *H pylori* infection significantly decreased endothelium‐dependent FMD of brachial artery in young patients without known cardiovascular risk factors compared with age‐ and sex‐matched healthy volunteers. *H pylori* infection also significantly attenuated Ach‐induced aortic relaxation without change in NTG‐induced relaxation in mice. *H pylori* eradication significantly improved endothelium‐dependent vasodilation in both patients and mice with *H pylori* infection. Exosomes from conditioned media of human gastric epithelial cells cultured with CagA^+^ *H pylori* or serum exosomes from patients and mice with *H pylori* infection significantly decreased endothelial functions with decreased migration, tube formation, and proliferation in vitro. Inhibition of exosome secretion with GW4869 effectively preserved endothelial function in mice with *H pylori* infection. These data strongly suggested that *H pylori* infection impaired endothelial function in patients and mice through exosome‐medicated mechanisms. The data also indicated that impaired endothelium‐dependent relaxation was reversible in both patients and mice with *H pylori* infection.

CagA is considered the most important virulent factor for *H pylori*.[53](#jah34919-bib-0053){ref-type="ref"} CagA^+^ *H pylori* is believed to be associated with the development and instability of atherosclerotic plaques[54](#jah34919-bib-0054){ref-type="ref"} and with increased risk of recurrent atherosclerotic stroke.[55](#jah34919-bib-0055){ref-type="ref"} Aqueous extract of CagA^+^ *H pylori* is potent to induce apoptosis and necrosis of HUVECs, and CagA^+^ *H pylori* could cause significant endothelial dysfunction in vitro.[56](#jah34919-bib-0056){ref-type="ref"} Future studies are needed to determine if significant differences between CagA^+^ and CagA^−^ *H pylori* infections on endothelial function could exist in vivo. In the present study we observed that infection with CagA^+^ *H pylori* significantly decreased Ach‐induced aortic relaxation without a change in NTG‐induced vasorelaxation in mice. The impaired endothelium‐dependent vasorelaxation persisted for as long as the infection was present for at least 24 weeks. These data were consistent with previous observations that relaxation responses were significantly decreased in ApoE‐knockout mice coinfected with *H pylori* and *Chlamydia pneumoniae*.[57](#jah34919-bib-0057){ref-type="ref"} VacA is another important *H pylori* virulence factor, and could inhibit endothelial function in vitro.[57](#jah34919-bib-0057){ref-type="ref"} Unlike CagA, VacA is present in all *H pylori* strains.[53](#jah34919-bib-0053){ref-type="ref"} Further studies are needed to evaluate the role of VacA in endothelial dysfunction in vivo.

During infection, *H pylori* invades and interacts with gastric mucosal epithelial layer. A small number of *H pylori* could be found in the gastric mucosa capillaries and postcapillary venules in the lamina propria of submucosa.[58](#jah34919-bib-0058){ref-type="ref"}, [59](#jah34919-bib-0059){ref-type="ref"} These *H pylori* could result in systemic dissemination; however, *H pylori* has not been detected in blood in patients with *H pylori* infection.[58](#jah34919-bib-0058){ref-type="ref"} How could *H pylori* impair endothelial function in vivo? It is known that exosomes, as lipid vesicles, are released from various cells, and carry a wide spectrum of biologically active substances including miRNA, DNA, and proteins or other molecules that could travel through blood, and interact with target cells with subsequent changes in the cell function.[29](#jah34919-bib-0029){ref-type="ref"}, [60](#jah34919-bib-0060){ref-type="ref"}, [61](#jah34919-bib-0061){ref-type="ref"} In the present study we demonstrated that CagA‐containing exosomes were present in serum of CagA^+^ *H pylori*‐infected patients and mice. This was consistent with recent findings that CagA existed in serum‐derived exosomes in patients with CagA^+^ *H pylori* infection.[45](#jah34919-bib-0045){ref-type="ref"}

In the present study we tested the hypothesis that *H pylori* infection could impair endothelial function through an exosome‐mediated mechanism. CagA protein arises only from CagA^+^ *H pylori* and could serve as an ideal tracking molecule for the study. CagA^+^ *H pylori* is able to efficiently translocate CagA into gastric epithelial cells but not into HUVECs.[62](#jah34919-bib-0062){ref-type="ref"} We demonstrated that CagA‐containing exosomes were released into GES‐1--conditioned media cultured with CagA^+^ *H pylori*. CagA‐containing exosomes were present in the serum of patients and mice with CagA^+^ *H pylori* infection. Exosomes from both conditioned media and serum entered into endothelial cells and significantly impaired their function in vitro. Treatment of CagA^+^ *H pylori*--infected mice with GW4869 to inhibit exosome biogenesis/release in vivo[40](#jah34919-bib-0040){ref-type="ref"}, [41](#jah34919-bib-0041){ref-type="ref"} significantly decreased the level of serum exosomes and effectively preserved Ach‐induced aortic relaxation without change in endothelium‐independent relaxation. These data supported our hypothesis. Of note, culture of HUVECs with serum exosomes from healthy subjects without *H pylori* infection also moderately inhibited endothelial function with decreased migration, tube formation, and proliferation, indicating that endogenous exosomes in healthy individuals may impair endothelial function. Clearly, further studies are needed to identify the molecules in the exosomes responsible for endothelial dysfunction and related mechanisms associated with *H pylori* infection. It is also important to determine if *H pylori* infection could enhance the development and/or progression of atherosclerosis using animal models in future studies. *H pylori* infection could trigger a complex response in the host including local and systematic inflammation.[9](#jah34919-bib-0009){ref-type="ref"}, [53](#jah34919-bib-0053){ref-type="ref"} It is certainly possible that inflammatory factors could contribute to oxidative stress and endothelial dysfunction. In fact, eradication of *H pylori* could affect both oxidative stress and myeloperoxidase activity (an important biomarker for atherosclerosis).[63](#jah34919-bib-0063){ref-type="ref"} Nitric oxide is generated from [l]{.smallcaps}‐arginine by endothelial nitric oxide synthase and plays a crucial role in endothelial function.[49](#jah34919-bib-0049){ref-type="ref"} Asymmetric dimethylarginine is the most potent endogenous endothelial nitric oxide synthase inhibitor and is considered a risk factor for CVDs.[64](#jah34919-bib-0064){ref-type="ref"}, [65](#jah34919-bib-0065){ref-type="ref"} *H pylori* eradication could decrease the serum asymmetric dimethylarginine level.[66](#jah34919-bib-0066){ref-type="ref"} Further studies are needed to elucidate other potential mechanisms for *H pylori* infection‐induced endothelial dysfunction.

In summary, we demonstrated that *H pylori* infection significantly impaired endothelial function in patients and mice via exosome‐mediated mechanisms. The data indicated that *H pylori* infection might be a novel risk factor for CVDs, especially in young patients.
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